A new-type optical sensors have been developed for the application to visual neural networks. The increase of the LSI wiring is still a large problem though several optoelectronic sensing circuits have been developed for the application to the visual neural networks. Therefore, high-level functions of visual cortex should be focused to avoid the problem, and new optical sensors should be developed to realize the high-level functions.
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The samples have been prepared on a Si-doped GaAs substrate whose effective carrier density (N d -N a ) is 1x10 18 cm -3 . The following layers were successively grown: undoped GaAs/Ga 0.7 Al 0.3 As MQW structure (10 nm GaAs well and 40 nm Ga 0.7 Al 0.3 As barrier, 9 periods), GaAs subjacent layer (4 nm), storage layer (12 nm) and GaAs top layer (8 nm). The materials of storage layer are varied according to the sensors for evaluation . The Al Schottky contact and Au/Ge ohmic contact were formed on the GaAs top layer and GaAs substrate, respectively. Fig. 1 shows the energy band diagram of stacked thin-film -layers of the optical sensors in this work. The forward bias voltage (V f ) causes an energy step between two regions of the storage layer; one is with an Al Schottky contact on the surface (contact region) and the other is with the bare surface surrounded by the Al metal of a ring-shaped contact (bare region). Electrons and holes photogenerated in the cap layer are accumulated separately in the contact region and bare region of the storage layer, respectively, and cause the energy band bending in the depth direction from the surface. The energy band bending is essential to the negative differential (ND) characteristics and negative values of photoinduced current (PIC), which have been obtained successfully for the first time under weak photoexcitations at 300 K as shown in Fig. 2 . The number of accumulated electrons increases with the V f voltage and, therefore, the energy band bending is enhanced. These phenomena are the origins of the ND characteristics and negative values of PIC. The InAs/GaAs short period superlattice (SSL) for the storage layer is essential to induce the phenomena effectively. The absolute values of negative PIC become small and the ND characteristics are extremely reduced in the case of the storage layers of InGaAs ternary alloys or InAs.
In conclusion, we have obtained the new optoelectronic characteristics extremely similar to the difference-of-Gaussian (DOG) function, which is a sensitivity distribution in the receptive field and fundamental to the high-level functions of the orientation selectivity, motion-direction selectivity, and length selectivity in the visual cortex. The remarkable negative photo-induced current and negative differential characteristics according to the forward bias voltage have been observed successfully for GaAs/GaAlAs multi-quantum well structures with a storage layer of InAs/GaAs short period superlattice. The characteristics are dependent on the crystal quality of the storage layer and extremely enhanced by using the InAs/GaAs short period superlattice compared with In x Ga 1-x As alloys.
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